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Introduction
Reconciliation, ‘the post-conflict friendly reunion of
former opponents that restores their social relation-
ship disturbed by the conflict’ (Aureli & de Waal
2000; p. 387), was first formally described in chim-
panzees almost 30 yr ago (de Waal & van Roosmalen
1979). Since de Waal and van Roosmalen’s seminal
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Abstract
In various social species, animals have been observed to share friendly
relationships with some group members and to resolve conflicts through
reconciliation, the exchange of affiliative behaviour soon after a conflict
that functions to restore the relationship between the former opponents.
The valuable relationship hypothesis predicts that reconciliation should
be observed more often after conflicts between friends. Friendly rela-
tionships can be described by three dimensions (i.e. value, security and
compatibility); however, research into the relative importance of these
dimensions for the occurrence of reconciliation is sparse. Moreover, rec-
onciliation may depend on factors other than the social relationship
between opponents including, for example, their social status or the
context of the conflict. Our study aimed at analysing which factors are
important determinants of reconciliation and at testing the valuable
relationship hypothesis, by analysing the relative effects of relationship
value, security and compatibility on the occurrence and timing of recon-
ciliation. We collected data on two troops of wild Japanese macaques
living on Yakushima Island, Japan, and selected the best predicting vari-
ables of reconciliation using linear mixed models. Our results show that
reconciliation occurs more frequently, and earlier, after conflicts
between opponents who exchange a higher percentage of grooming.
Two additional variables related to relationship security and value were
selected in the best models: frequency of aggression and of approaches
resulting in tolerated co-feeding. Among the variables not related to
relationship quality, distance between opponents at the end of the con-
flict, kinship, sex of the opponents and context of conflict (i.e. during
feeding or social time) were included in our models. Our findings sup-
port the valuable relationship hypothesis and, in particular, highlight
that the fitness-related benefits of social relationships (i.e. the relation-
ship value) are important determinants of the evolution of friendly rela-
tionships and reconciliation.
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paper, conflict resolution has been studied in a num-
ber of primate species (Aureli & de Waal 2000). In
the last decade, reconciliation has also been observed
in non-primates, including domestic goats (Capra hir-
cus: Schino 1998), whales and dolphins (Samuels &
Flaherty 2000), carnivores (Canis familiaris: Cools
et al. 2008; Crocuta crocuta: Wahaj et al. 2001), and
investigated but not found in rooks (Corvus frugilegus:
Seed et al. 2007).
The valuable relationship hypothesis proposes that
reconciliation should evolve and be observed in
social species in which group members establish
friendly relationships that have fitness-related bene-
fits (Kappeler & van Schaik 1992; Aureli et al.
2002). When this is the case, group members
should attempt to resolve conflicts, particularly with
friends ⁄valuable partners, to avoid the detrimental
effects related to the conflict and to the absence of
reconciliation (Koyama 2001; Wittig & Boesch
2005). Former opponents from non-reconciled con-
flicts are more at risk of receiving aggression (e.g.
Aureli & van Schaik 1991), show an increase in
anxiety level (e.g. Maestripieri et al. 1992;
Kutsukake & Castles 2001) and are less likely to
interact in a friendly way in the days following a
conflict (Koyama 2001). Overall, current evidence
seems to support the predictions of the valuable
relationship hypothesis (Aureli et al. 2002; Cooper
et al. 2005; Watts 2006). Moreover, Silk et al.
(2003) using their longitudinal data have recently
demonstrated the link between social relationships
and fitness benefits by showing that, in female
baboons, sociality (measured in terms of grooming
exchanged and proximity maintenance) is positively
related to reproductive success. However, studies on
conflict resolution have usually considered social
relationships in a relatively simplified way, focusing
on just one measure of friendship (e.g. grooming)
or classifying it as weak or strong (e.g. Majolo et al.
2005; Koski et al. 2007). This categorization of
friendly relationships may not constitute the best
approach as we do not currently know whether pri-
mates distinguish between their group companions
in such a dichotomous manner. More appropriately,
social relationships can be described as resulting
from the complex integration of various social fac-
tors. Indeed, the quality of a relationship has been
described by three dimensions: value, security and
compatibility (Hinde 1976; Kummer 1978; Cords &
Aureli 2000). Value describes the fitness benefits
that animals gain from the relationship. Security
refers to how predictable and consistent social inter-
actions within a dyad are, that is, it measures the
chances that the quality of a relationship will
change over time. Finally, compatibility describes
the general tenor of a relationship and could be
measured as the chance that two partners have to
compete over resources. There have been few
attempts to test the relative importance of the three
described dimensions (Aureli et al. 2002), perhaps
due to the difficulty of this task, as animals may
perceive their social environment differently from
the way we describe it. A recent study of captive
chimpanzees (Fraser et al. 2008), however, has
analysed a series of social variables (e.g. grooming,
aggression and tolerance) using principal component
analysis and found that these variables group into
three components that well represent the three
dimensions of social relationships. Therefore,
attempting to analyse the relative importance of
value, security and compatibility may give us impor-
tant insights into the importance of social relation-
ships for reconciliation.
Conflict resolution has been found to be affected
by a number of other variables besides the quality
of a social relationship between opponents. For
example, reconciliation is observed less frequently
after conflicts over food or when females are in oes-
trus (Aureli 1992; Majolo & Koyama 2006). Kinship,
sex of the opponents and their rank are additional
factors that may play a role (e.g. Schino et al. 1998).
The study of conflict resolution thus requires not
only a multivariate approach (Call et al. 1999) but
also an analysis at the dyadic level. This is because
the same dyad may compete repeatedly over time
and each conflict may have its unique combination
of factors such as context, season, type of conflict
(e.g. mild or severe) or number and identity of other
individuals involved. The majority of studies on rec-
onciliation, however, have analysed these factors
independently (for three notable exceptions, see
Schino et al. 1998; Call et al. 1999; Wittig & Boesch
2005), have run analyses at the individual level or
at the dyadic level without controlling for sample
inflation, and have mainly been conducted on cap-
tive animals. Recent statistical procedures, such as
mixed models (Pinheiro & Bates 2000), provide cri-
teria to distinguish the relative importance of a ser-
ies of variables potentially affecting a particular
phenomenon. Moreover, unlike some other multi-
variate methods, mixed models allow inclusion, as
random factors, of repeated samples from the
same individual or dyad, thus controlling for sample
inflation.
We conducted this study on the Japanese maca-
que (Macaca fuscata), a seasonal breeding species
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living in multimale–multifemale social groups char-
acterized by female phylopatry. Macaques, particu-
larly females, can establish friendly relationships
with some other group members (mainly kin)
through grooming exchange and show a relatively
high level of competition in various contexts (Mel-
nick & Pearl 1987; Thierry et al. 2004). We studied
the occurrence and timing of reconciliation by
analysing together variables related to the quality
of the relationship between opponents and ‘non-
social’ variables (i.e. those related to the character-
istics of the conflict or of the opponents). Our aim
was to select the key factors affecting conflict reso-
lution and to disentangle their relative importance.
Moreover, we aimed at testing the valuable rela-
tionship hypothesis by assigning various measures
of social relationships to the three dimensions
described above and by analysing their relative
effects on the occurrence and timing of reconcilia-
tion using linear mixed models. Overall, we pre-
dicted that reconciliation (i.e. affiliative contact
between opponents) would occur more frequently
(and soon after a conflict) in dyads with stronger
social bonds. Based on the assumption that social
relationships may give direct or indirect fitness
benefits to group members in terms of reproduc-
tive success, increased tolerance over food or
reduced anxiety (Cords & Thurneer 1993;
Kutsukake & Castles 2001; Silk et al. 2003) and
that reconciliation evolved to maintain the benefits
of those relationships (Koyama 2001; Aureli et al.
2002; Wittig & Boesch 2005), we predicted that, of
the three dimensions described above, relationship
value would have the greatest effect on the occur-
rence and timing of reconciliation. Moreover,
because of the social benefits of reconciliation, we
predicted that variables measuring relationship
quality will remain of primary importance when
controlling for the effect of non-social variables
such as type of conflict and ⁄or characteristics of
the opponents. These non-social variables, how-
ever, may still play a role in affecting conflict reso-
lution. Based on previous studies and on the
socio-ecology of our study species, we expected
reconciliation to occur more frequently between
kin and ⁄or female opponents, and at lower fre-
quencies in heterosexual pairs (e.g. Schino et al.
1998). We also expected distance between oppo-
nents at the end of the conflict, context and inten-
sity of the conflict to be variables included in the
best model, as these seem to represent important
modulator variables of reconciliation in macaques
(Schino et al. 1998; Call et al. 1999).
Methods
Study Area and Subjects
This study was conducted on a sub-species of Japa-
nese macaques (Macaca fuscata yakui) living on Yaku-
shima island, a large volcanic island around 500 km2
and located 60 km south of Kyushu, Japan (31N,
131E). The study area was along the north-eastern
coast of the island, approximately 60 m above sea
level, and it was covered with a dense sub-tropical
evergreen forest. During the course of the study, the
temperature ranged from 3 to 32C and monthly
rainfall was between 100 and 800 mm. No natural
predators are present on the island (Maruhashi et al.
1998).
Subjects of this study were 41 adult or sub-adult
Japanese macaques (age ‡4 yr) living in two troops,
NA and Kw. NA troop was composed, at the begin-
ning of this study, of 25 monkeys (i.e. six adult
males, seven adult females, seven sub-adult males,
one sub-adult female, three juveniles and one
infant). In October 2001, seven males (i.e. one adult
and six sub-adults) emigrated to other troops and
the group was consequently reduced to 18 animals.
Data were collected on all adult or sub-adult mon-
keys in the NA troop (i.e. 21 animals). In order to
have a larger sample of female–female relationships
on which to test the valuable relationship hypothesis
(see above), data were also collected on 20 adult or
sub-adult females living in another troop (Kw). This
second study troop included 50 monkeys (i.e. eight
adult males, 18 adult females, five sub-adult males,
two sub-adult females, 13 juveniles and four
infants). The size and composition of the two study
troops are within the range of the typical group size
and socionomic sex ratio for Yakushima macaques
(Nakagawa 1998; Sprague et al. 1998).
The age of the females in the NA troop was
known and this information was useful when
assigning females from Kw troop to the adult or sub-
adult categories. Females which had been observed
to be in oestrus and ⁄or to mate during the 2007
mating season were considered to be adults (Hanby
& Brown 1974). This usually corresponds to females
‡5 yr old in Yakushima and younger females (i.e.
4 yr old) are considered sub-adults (Takahata et al.
1998). Male age was determined from body and tes-
tes size, and sexual activity during the mating season
(Hanby & Brown 1974). Adult males (i.e. ‡8 yr old)
were fully grown monkeys with large testes which
had been observed mating with oestrous females.
Males which were observed ejaculating but did not
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meet the criteria above were considered sub-adults
(i.e. age between 4 and 7 yr). The home ranges of
the two study troops were approx. 1 km far apart
and they were similar in the type and distribution of
the main plant species; both troops relied completely
on natural food.
Data Collection
Data were collected (by BM and RV) from June
2001 to May 2002 on NA troop and from January to
May 2002 on Kw troop females, although this troop
had been followed since September 2001. Inter-
observer reliability between BM and RV was above
95% and was checked regularly during the course of
the study. The mating season (defined as the period
between the first and last recorded consortship in
which sexual mounts are observed; Hanby & Brown
1974) occurred between the end of August and the
beginning of January, prior to the beginning of the
data collection on Kw troop females. Therefore, data
during the mating season were only available for the
NA troop. Kin relationships were already known for
NA monkeys. For Kw females, mitochondrial DNA
(mtDNA) was used to estimate maternal kin (details
of methodology used for DNA analyses are given
elsewhere: Majolo et al. in press). The mtDNA anal-
yses allowed distinguishing between matrilineal kin
females (i.e. possessing a coefficient of relatedness of
at least 0.1) and non-kin. Kin relationships could be
conclusively determined for all Kw females but two
(i.e. kin was known for 90% of Kw females) and for
249 of the 272 dyads for which conciliatory ten-
dency could be calculated (i.e. 91.5% of dyads).
Females and dyads for which kin relationships were
unknown were discarded from analyses on the
importance of kinship for reconciliation.
Post-conflict behaviour
Post-conflict behaviour was analysed using the post-
conflict-matched-control (PC–MC) method (de Waal
& Yoshihara 1983). PC focal sessions (lasting 5 min)
started at the end of an agonistic interaction
between two or more monkeys and data were col-
lected on the victim or the aggressor. If the oppo-
nents exchanged further aggression within the first
30 s from the start of the PC session, the session was
re-started. On the next possible day, an MC observa-
tion was collected on the same animal (victim or
aggressor) and using the same sampling method. An
MC session was postponed for at least 10 min if the
focal animal was involved in an agonistic interaction
within 3 min before a planned MC (Aureli et al.
1993). MCs only started when the context (i.e.
grooming ⁄ resting or feeding; see below) was similar
to that of the matched PC and all the monkeys for-
merly involved in the conflict were visible. If these
conditions were not met within 1 wk, the PC was
discarded. For each conflict, we recorded the identity
of the opponents, the intensity of the attack (distin-
guished in three categories: threat, slap, chase or
bite) and the context of conflict (i.e. social or feed-
ing). If the opponents were resting, grooming or
engaged in another social activity (e.g. social play or
contact sitting) immediately before the conflict, we
assigned the PC–MC observation to the groom-
ing ⁄ resting context. If the opponents were moving
between food patches, feeding or searching for food
prior to the conflict, the PC–MC session was assigned
to the feeding context. Time elapsed in seconds from
the end of the conflict to the first friendly interaction
between former opponents was recorded. We consid-
ered the following behaviours as friendly interac-
tions: grooming, contact sitting, lip-smacking, genital
inspection, mounting and muzzle contact (Aureli
et al. 1993). During PC sessions we also recorded all
occurrences of aggressive interactions displayed
and ⁄or received by the former opponents. Conflicts
with a clear-cut result (i.e. only one of the two
monkeys displays submission towards the other
opponent) were defined as ‘decided’. For ‘non-
decided’ conflicts, we defined as the aggressor the
monkey which was first seen being aggressive. This
is acceptable because, as expected in this species
(Aureli et al. 1993; Thierry 2000), within each dyad
we did not observe any role-switching between
aggressor and victim across conflicts (the same was
true for non-decided conflicts, for each dyad).
Throughout the paper, therefore, the terms ‘aggres-
sor’ and ‘victim’ refer to the same monkey within
each dyad and, for consistency, are used when dis-
cussing both baseline data (see below) and data col-
lected during PC–MC sessions.
Baseline behaviour
Baseline data on grooming and agonistic interactions
were obtained through 10-min focal sessions col-
lected at least twice per week on each focal animal
and evenly distributed between 7:00 and
19:00 hours. Finally, we recorded data ad libitum on
all dyadic agonistic interactions with a clear winner–
loser conclusion to infer the dominance hierarchy
(rank ‘1’ was assigned to the most dominant mon-
key). No rank reversal was observed during the
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study. After the emigration of seven males from the
NA troop, the monkeys originally ranking below
those animals were assigned a new rank based on
the rank positions that were left empty after the
emigration.
Data Analysis
At the end of the study, a total of 727 PC–MC pairs
were obtained, 571 PC–MCs on NA monkeys and
156 PC–MCs on Kw females (Table 1). For the NA
troop, a total of 359.2 h of focal data were collected
[NA females (mean hours per monkey  SE):
25.6  0.21; NA males: 11.9  1.6], while 139.8 h
of focal data were collected on Kw females
(7.0  0.2).
Based on the occurrence of the first affiliative
interaction between former opponents we defined
our PC–MC pairs as ‘attracted’ (i.e. pairs in which an
affiliative interaction between former opponents was
observed earlier in the PC than in the MC, or only
in the PC), ‘dispersed’ (i.e. affiliative interaction
between former opponents occurring later in the PC
than in the MC, or only in the MC), and ‘neutral’
(i.e. affiliative interaction occurring within the same
5-s window in the PC and the MC, or not occurring
at all). Conciliatory tendency for each dyad was then
measured using the formula (Veenema et al. 1994):
(number of ‘attracted’ pairs ) number of ‘dispersed’
pairs) ⁄ (number of ‘attracted’ + ‘dispersed’ + ‘neutral’
pairs).
In order to understand which factors affect the
occurrence and timing of reconciliation, a number of
variables were considered. These were grouped into
three categories. In the first category, we considered
variables related to demography and life history that
is, sex of the opponents, their age, rank and kin rela-
tionship (Table 2). Variables related to the type and
context of the conflict were included in the second
category. Here we recorded the distance between
opponents at the start of the PC session, the context
and season (see above for definitions) when the con-
flict was observed and the type of aggressive behav-
iour exchanged (Table 2). Moreover, we included
categorical variables on whether: the conflict was
decided or not (see above for definitions); it involved
two opponents or more; and any aggressive interac-
tion involving the former opponents occurred.
Finally, we considered variables measuring the type
of social relationship between opponents. We
extracted from the 10-min baseline focal sessions
(see above) data on grooming exchanged (i.e. % of
time grooming) between the victim and the aggres-
sor, the standard deviation of grooming exchanged,
frequency of aggression and frequency of approaches
within 1 m. For this latter variable we considered
only events in which the approached animal, the
victim or the aggressor, was already feeding and that
were followed by tolerated co-feeding (i.e. the two
animals started co-feeding, while in proximity, with-
out any aggressive interaction). Moreover, we con-
sidered the degree of grooming reciprocation for
each dyad as: (% of grooming given by the aggressor
to the victim ) % of grooming given by the victim
to the aggressor) ⁄ total % of grooming exchanged.
Following this formula, a value close to ‘0’ means
Table 1: Summary of the number, distribu-
tion and type of conflicts based on the sex of
the opponents in the two study troops
Summary variable
Troop ⁄ dyad
NA troop Kw troop
Female–female Male–male Female–male Female–female
Total no. PC–MCs 312 128 131 156
Mean no. PC–MCs per monkey ( SE) 39.0  6.8 9.9  2.7 7.3  1.4 7.8  1.2
% of ‘attracted’ PC-MCsa 29.1% 32.0% 3.8% 20.5%
% conflicts among kin 16.7% – 2.3% 32.1%
% conflicts during the mating seasona 55.1% 61.7% 45.0% –
% conflicts during feeding 12.8% 15.6% 19.1% 28.2%
Type of conflict
Threat 56.8% 54.7% 51.2% 62.8%
Slap–chase 37.6% 43.8% 38.2% 34.6%
Bite 4.6% 1.5% 10.6% 2.6%
% decided conflictsa 99.4% 89.1% 79.4% 97.4%
% dyadic conflictsa 94.2% 79.7% 77.1% 90.4%
% retaliated conflictsa 6.4% 7.8% 6.9% 5.8%
% redirected conflictsa 2.9% 7.0% 3.1% 2.6%
aSee text and Table 2 for further details.
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that the two monkeys invest similarly (in terms of
grooming given) in their relationship (i.e. the rela-
tionship is symmetric). A value close to ‘)1’ means
that the victim is investing more in the relationship
than the aggressor, whereas a value close to ‘+1’
means that the reverse is true.
Measures of relationship quality
We tentatively attempted to select, among the above
variables, those that would measure the three
dimensions of social relationships described above
(Table 3). Grooming was considered to measure the
value of a relationship (Fraser et al. 2008) in light of
the benefits of grooming exchange (in terms of social
benefits, parasite removal, and ⁄or reduced anxiety
for both the groomer and the groomee, e.g. Dunbar
1991; Shutt et al. 2007). Frequency of approaches
within 1 m was considered a additional potential
measure of the value of a relationship because,
based on our definition (see above), we only
recorded approaches that resulted in tolerated co-
feeding. This is particularly true for the frequency of
approaches from the victim (usually a subordinate
animal; see above) to the aggressor as, in the Japa-
nese macaques, dominant monkeys are expected to
be able to approach any subordinate without any
risk of receiving aggression (e.g. Thierry 2000). We
used the standard deviation of grooming exchanged
and the degree of grooming reciprocation per dyad
as measures of security (Table 3), as we assume that
dyads with a low standard deviation in grooming
exchanged have a more predictable and consistent
relationship over time whereas those with high
inequality (i.e. low grooming symmetry) are less
secure (Silk et al. 2006a; Fraser et al. 2008). Finally,
frequency of aggression, rank distance and age of
Table 2: Name and description of the variables considered that can
potentially affect the occurrence and timing of reconciliation
Variable Type and description
Demographic and life history variables
Sex of aggressor Categorical (female, male)
Sex of victim Categorical (female, male)
Sex of opponents Categorical (female–female,
male–male, female–male)
Age of aggressor Categorical (adult, sub-adult)
Age of victim Categorical (adult, sub-adult)
Age of opponents Categorical (adult–adult,
sub-adult–sub-adult,
adult–sub-adult)
Rank of aggressor Ordinal
Rank of victim Ordinal
Rank distance aggressor–victim Ordinal
Kinship Categorical [kin (r ‡ 0.1),
non-kin]
Variables related to the context and type of conflict
Season Categorical (mating season,
non-mating season)a
Context of conflict Categorical (social, foraging)a
Type of aggression Categorical (threat, slap,
chase or bite)
PC opponents distance Continuous (distance in
meters between opponents
at the end of the conflict)
Result of conflict Categorical (decided,
undecided)
No. opponents involved Categorical (dyadic, polyadic)
Retaliation Categorical (aggression
between opponents
observed during PC or not)
Redirection Categorical (one or both
opponents observed to direct
aggression towards third
parties during PC or not)
Social relationship variables
Grooming given aggressor–victim Continuous (% of grooming given)
Grooming given victim–aggressor Continuous (% of grooming given)
Grooming per dyad Continuous (% of grooming
exchanged)
Degree of grooming reciprocation Continuousa
SD of grooming exchanged
per dyad
Continuous (SD of grooming
exchanged across the
months per dyad)
Frequency of approach (£1 m)
aggressor–victim
Continuous (events ⁄ h)a
Frequency of approach (£1 m)
victim–aggressor
Continuous (events ⁄ h)a
Frequency of approach
(£1 m) per dyad
Continuous (events ⁄ h)a
Frequency of aggression per dyad Continuous (events ⁄ h)a
aSee text for further details.
Table 3: Variables considered as measuring the three dimensions of
relationship quality
Relationship
dimensions Variables
Value 1. Grooming per dyad
2. Frequency of approach
(£1 m) aggressor–victim
3. Frequency of approach
(£1 m) victim–aggressor
4. Frequency of approach
(£1 m) per dyad
Security 1. SD of grooming exchanged
per dyad
2. Degree of grooming reciprocation
Compatibility 1. Frequency of aggression per dyad
2. Age of opponents
3. Rank distance aggressor–victim
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the opponents were used to measure compatibility
(Table 3). Frequency of aggression has been used as
a measure of compatibility in captive chimpanzees
(Fraser et al. 2008). Moreover, in macaques and
many other primate species, animals have more
opportunities to interact and establish friendly rela-
tionships with individuals of similar rank and ⁄or age
due, for example, to competition to access high-
ranking animals (e.g. de Waal & Luttrell 1986; Wid-
dig et al. 2001; Silk et al. 2006b). Therefore, we sug-
gest that rank distance and age might be two
additional, non-social factors that may facilitate com-
patible relationships.
Hierarchical linear mixed models were used to
model the occurrence and timing of reconciliation.
We included, as random factors, the identity of the
aggressor and victim for each dyad nested into troop
identity. Random factors allow the inclusion in the
model of multiple data collected on the same mon-
key (aggressor and ⁄or victim) or troop, thus control-
ling for non-independence of the samples (Pinheiro
& Bates 2000). All the analyses discussed and pre-
sented below were first run on the two troops inde-
pendently and, for the NA troop, before and after
the emigration of seven males (see above). The
results were very similar to what we obtained by
analysing the whole data set (i.e. data for the two
troops and on the two periods collapsed together).
Therefore, for simplicity, in this paper we only pres-
ent analyses run on the whole data set.
Measures of reconciliation
The occurrence of reconciliation. We used hierarchical
generalized linear mixed models (HGLMMs) to ana-
lyse which factors are important determinants of the
occurrence of reconciliation for a single conflict.
HGLMMs represent an extension of linear mixed
models, allowing to analyse binary dependent vari-
ables. In these analyses, the occurrence of reconcilia-
tion (i.e. yes or no) in each conflict was the
dependent variable and the variables listed in
Table 2 were entered as fixed factors. ‘Attracted’ PC–
MC pairs (see above for definitions) were considered
conflicts in which reconciliation had occurred while
‘dispersed’ or ‘neutral’ PC–MC pairs were conflicts
where it did not.
Conciliatory tendency. We also ran a second series of
analyses, using hierarchical linear mixed models
(HLMMs), in order to analyse which factors deter-
mine conciliatory tendency (Veenema et al. 1994),
which was our continuous dependent variable. In
these HLMMs, variables related to demography, life
history and social relationships (Table 2) were con-
sidered as fixed factors, and the same random factors
(aggressor’s and victim’s identity nested into troop
identity) used above were included. A total of 272
dyads were available for these analyses. We ran a
series of HLMMs on the whole data set (i.e. dyads
for which we had at least one PC–MC pair) and then
restricted the analyses to those dyads for which we
had at least three PC–MC pairs to calculate concilia-
tory tendency. The two sets of analyses gave largely
similar results and we present here, for brevity, only
the analyses run on the whole data set.
We run the analyses and present the results on
both the occurrence of reconciliation and on concil-
iatory tendency because the two sets of analyses
have some benefits and some limitations at the same
time. The use of HGLMMs on a binary dependent
variable (i.e. the occurrence or not of reconciliation)
allows an analysis at the level of a single conflict.
This is beneficial as it better takes into account the
variability due to various factors (e.g. intensity or
context of conflict) changing from one conflict to
another for the same dyad, and that could not be
controlled for if data were collapsed for each dyad.
However, this type of analysis may overestimate the
occurrence of reconciliation as it does not control for
the baseline level of affiliation within each dyad as
effectively as conciliatory tendency does (Veenema
et al. 1994). Conversely, in the analyses run on con-
ciliatory tendency we could not analyse the impor-
tance of the variables related to the context and type
of conflict (Table 2) as sufficient data were not avail-
able to calculate, for example, conciliatory tendency
per dyad for each context (Table 1).
The timing of reconciliation. The seconds from the end
of a conflict to the occurrence of reconciliation was
the continuous dependent variable when analysing
the timing of reconciliation using HLMMs. These
analyses were thus restricted to ‘attracted’ PC–MC
pairs. All the variables listed in Table 2 were used as
fixed factors while the identity of the aggressor and
victim for each conflict, nested into troop identity,
were treated as random factors.
Model selection
For model selection with both HGLMMs and
HLMMs, we used the Akaike information criterion
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(AIC), a measure of the goodness of fit of a model,
where the lowest AIC corresponds to the best model
(Burnham & Anderson 2002). We used both the for-
ward and the backward method to select the best
model, as this represents an effective way to confirm
which variables have to be included or excluded in
the model with the best fit (Pinheiro & Bates 2000).
When using the forward method on each of the
three dependent variables (i.e. the occurrence of rec-
onciliation, conciliatory tendency, and the timing of
reconciliation), we first entered one explanatory var-
iable (Table 2) at a time, together with the random
factors, and calculated the AIC for each of these sin-
gle explanatory variable models. We then built a
composite model by progressively entering these
variables coming from the single explanatory vari-
able models with the lowest AIC. We stopped this
procedure when the AIC of the composite model
reached its minimum and adding or removing one
variable increased the AIC. For the backward
method on each of the three dependent variables,
we first entered all the variables listed in Table 2
together. We then progressively removed the vari-
ables with the lowest explanatory power until a
model with the smallest AIC was obtained (Crawley
2002).
As a result of the large number of explanatory
variables (Table 2), we used two methods to control
for the possibility that these were inter-correlated.
First, we used the stata 10.0 (StataCorp, 2007) func-
tion that allows removing collinear variables when
building a model. Moreover, a principal component
analysis showed that the variables included in the
best models were not inter-correlated (data not
shown here: Majolo, B. & Ventura, R., unpubl.
data). For brevity, we present here the best and most
parsimonious model for each of the three sets of
analyses (i.e. on the occurrence of reconciliation, on
conciliatory tendency, and on the timing of reconcil-
iation), that is, the model with the lowest AIC and
smaller number of explanatory variables. The differ-
ence in AIC between the models presented here and
all the others produced in the three sets of analyses
was ‡4.2, a difference sufficient to consider these
alternative models as having considerably less sup-
port (Burnham & Anderson 2002). stata 10.0 was
used for the HGLLMs while SPSS 14.0 (SPSS Inc,
2007) was used for the HLMMs.
Results
Overall, reconciliation (i.e. N of ‘attracted PC–MC
pairs) was observed after 21.5% of conflicts
(Table 1). Although differences in the occurrence of
reconciliation were observed between the sex classes
(see below), the distribution of conflicts observed in
the various categories (e.g. conflicts during feeding
or dyadic conflicts) were similar in the two troops
and in relation to sex of the opponents (Table 1).
The occurrence of reconciliation
We analysed the occurrence of reconciliation using
HGLMMs and following the procedure described
above. The best model (i.e. the model with the low-
est AIC) resulting from these analyses was a model
comprising grooming per dyad, PC opponents dis-
tance, context of conflict, kinship, sex of opponents
and frequency of approaches from victim to aggres-
sor [HGLMM: Wald v2 (8) = 80.52, log likeli-
hood = )251.44, p < 0.0001; see Table 4 for
coefficients and significance of each variable in the
model]. Grooming exchanged within a dyad and dis-
tance between opponents after a conflict, were the
two most significant predictors of the occurrence of
reconciliation. Dyads that exchanged a greater
amount of grooming or opponents that were at a
shorter distance from each other at the beginning of
the PC observation were more likely to reconcile.
The context of conflict also had a significant effect
on the occurrence of reconciliation: reconciliation
was significantly more likely after conflicts occurring
in a social than in a feeding context. Heterosexual
pairs of opponents were less likely to reconcile than
female–female or male–male pairs whereas the
difference between male–male and female–female
Table 4: Coefficients and significance of the variables included in the
best model on the occurrence of reconciliation using HGLMMs (fixed
factors are presented according to the order in which they were
entered in the model that is, increasing AIC)
Variables coefficient  SE z p
Fixed factors
1. Grooming per dyad 7.31  1.63 4.48 <0.001
2. PC opponents distance )0.01  0.01 )3.42 <0.001
3. Kinship 0.10  0.20 0.49 0.63
4. Sex opponents
Male-male vs female-female 0.64  0.53 1.21 0.23
Male-female vs female-female )0.82  0.32 )2.58 <0.05
Male-female vs male-male 0.82  0.32 2.58 <0.05
5. Context of conflict 0.39  0.11 3.42 <0.01
6. Frequency of approach
victim-aggressor
3.86  1.98 1.95 0.05
Random factors
Troop identity
Aggressor identity )0.01  0.01 )0.43 0.48
Victim identity 0.00  0.01 0.04 0.83
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pairs was not significant. Frequency of approaches
from the victim to the aggressor resulting in toler-
ated co-feeding had a positive and almost significant
effect on the occurrence of reconciliation while no
significant difference between kin and non-kin dyads
was found.
Our model supported the view that inter-oppo-
nent distance is an important modulator of the
occurrence of reconciliation. It has recently been
proposed that reconciliation may be an artefact of
captivity because spatial distance in captive animals
is somehow reduced and thus animals may be
‘forced’ to reconcile (Sommer et al. 2002). In order
to test this assumption, we ran an HLMM where
inter-opponent distance at the beginning of the PC
session was our dependent variable while context of
conflict, aggression type, grooming exchanged per
dyad and troop identity were entered as fixed fac-
tors. Aggressor identity and victim identity were
entered as random factors nested into troop identity.
Inter-opponent distance at the beginning of the PC
session was shorter for dyads who exchanged a
higher percentage of grooming (F1,660 = 39.90,
coefficient  SE = )620.20  98.19, t = )6.32, p <
0.001). Moreover, inter-opponent distance was
shorter for conflicts occurring in a social than in a
feeding context (F1,719 = 12.98, coefficient  SE =
)55.23  15.33, t = )3.60, p < 0.001) or when con-
flicts were milder than severe (F1,711 = 15.74,
coefficient  SE = )45.67  11.51, t = )3.97, p <
0.001). To control for the possibility that members of
a dyad exchanging higher percentages of grooming
were also more likely to exchange milder aggression,
we ran an additional analysis where type of conflict
(i.e. mild or severe) was the dependent variable and
grooming exchanged per dyad was a fixed factor. No
significant effect of grooming exchanged on type of
conflict was found (HGLMM: coefficient  SE =
)0.32  1.13, z = )0.29, p = 0.77).
Conciliatory tendency
For conciliatory tendency, the analyses were
restricted to variables related to demography, life
history and social relationship (Table 2), and the
same procedure described above was used. The pre-
dicting variables included in the best model on con-
ciliatory tendency were sex of the opponents,
kinship, grooming exchanged per dyad, frequency of
aggression and frequency of approaches from the
victim to the aggressor resulting in tolerated co-feed-
ing (see Table 5 for coefficients and significance of
each variable in the model). Similar to the previous
model, grooming per dyad was the most significant
explanatory variable: conciliatory tendency was
higher for dyads with a greater percentage of groom-
ing exchanged than for dyads with no or low per-
centage of grooming exchanged (Fig. 1a). The other
variables included in the model did not significantly
explain conciliatory tendency (Figs 1b,c and 2a).
Conciliatory tendency was lower for heterosexual
than for same-sex pairs but the difference was not,
or was marginally, non-significant (Fig. 2b).
The timing of reconciliation
As observed in other studies on the Japanese maca-
ques, reconciliation mainly took place within the
first 2 min from the end of a conflict
(54.5  4.7 mean seconds between the end of a con-
flict and the occurrence of reconciliation  SE). We
analysed the time to reconciliation (i.e. the seconds
from the end of a conflict to the occurrence of rec-
onciliation) using HLMMs and the procedure for
model selection described above. The best model
included grooming exchanged per dyad, distance
between opponents, context of the conflict, number
of opponents involved in the conflict and sex of the
opponents (see Table 6 for coefficients and signifi-
cance of each variable in the model). Reconciliation
between former opponents occurred earlier for dyads
with a higher percentage of grooming exchanged or
when opponents were at closer distance after a con-
flict. Moreover, the time gap between the end of a
conflict and the occurrence of reconciliation was
Table 5: Coefficients and significance of the variables included in the
best model on conciliatory tendency using HLMMs (fixed factors are pre-
sented in a descending order of fit to the model that is, increasing AIC)
Variable F coefficient  SE t p
Fixed factors
1. Grooming per dyad 18.1 1.90  0.45 4.25 <0.001
2. Kinship 1.18 0.06  0.05 )1.08 0.28
3. Frequency of approach
victim–aggressor
0.02 0.08  0.59 )0.14 0.89
4. Frequency of aggression
per dyad
0.79 0.30  0.34 0.89 0.38
5. Sex opponents 4.43 – – <0.05
Male–male vs. female–female 0.18  0.17 1.10 0.29
Male–female vs. female–female )0.11  0.07 )1.74 0.09
Male–female vs. male–male 0.29  0.16 1.85 0.06
Random factors
Troop identity
Aggressor identity 0.02  0.01 1.26a 0.19
Victim identity 0.01  0.01 0.60a 0.47
aWald z-values.
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shorter for conflicts occurring in a social context
than during feeding or for dyadic conflicts. Finally,
consistently with the previous analyses, time to rec-
onciliation was significantly shorter for same-sex
than for heterosexual pair of opponents.
Discussion
Our findings evidence a pivotal role of grooming in
modulating the occurrence and timing of reconcilia-
tion and conciliatory tendency. Dyads which
exchanged a higher percentage of grooming recon-
ciled earlier and more frequently. This latter result
was found when analysing both single conflicts and
conciliatory tendency that is, when controlling for
the baseline level of affiliation within a dyad
(Veenema et al. 1994). These findings indicate that,
as we predicted, social factors play a more central
role in conflict resolution than variables related to
the context of conflict or to any characteristic of the
opponents (e.g. age). As such, our study strongly
supports the valuable relationship hypothesis
(Kappeler & van Schaik 1992; Cords & Aureli 2000;
Aureli et al. 2002). Other than the results of this
(a)
(b)
(c)
Fig. 1: Scatter plot of conciliatory tendency on (a) percentage of
grooming exchanged per dyad, (b) frequency of approaches from the
victim to the aggressor while the aggressor was feeding and (c) fre-
quency of aggression per dyad.
(a)
(b)
Fig. 2: Histogram of conciliatory tendency (mean  SE) in relation to
the (a) genetic relationship or (b) the sex combination of the
opponents.
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study, there is growing evidence in the literature for
a positive link between the quality of a relationship
and the occurrence of reconciliation in primates
(Cooper et al. 2005; Watts 2006). While reconcilia-
tion has been observed in various non-primate spe-
cies (e.g. Schino 1998; Wahaj et al. 2001), tests of
the application of the valuable relationship hypothe-
sis to those species are rare. One reason for this may
be that it is often difficult to identify a specific set
of behaviours as functioning to establish friendly
relationships.
Among the variables measuring social relation-
ships, we attempted to select those that could mea-
sure the value, security and compatibility of friendly
relationships (Hinde 1976; Kummer 1978). This
approach seems promising (Fraser et al. 2008) but it
has to be considered cautiously as we do not prop-
erly know how animals ‘perceive’ the different
aspects of their social interactions. However, such an
analysis can indirectly tell us which social variables
are important modulators of reconciliation and key
measures of social relationships. Both the standard
deviation of grooming exchanged and the degree of
reciprocated grooming were not included in our
models, indicating that variability over time and
symmetry of the investment in the relationship by
the two members of a dyad (our two measures of
security) are not key factors for reconciliation. It has
to be said, however, that there was a strong and
positive correlation for grooming exchanged across
the months within each dyad (Ventura 2007). This
indicates that grooming interactions were pretty con-
sistent over time and it may be the cause why secu-
rity seems to have limited importance on
reconciliation. This relative stability of the social
relationship is also supported by the similar results
we obtained when analysing the occurrence of rec-
onciliation and conciliatory tendency (so controlling
or not for the baseline level of affiliation). In other
words, during the study the monkeys were relatively
stable in their choice of social partners and in the
amount of grooming they exchanged with those
partners, and this stability was reflected in their rec-
onciliation rate.
Among our measures of compatibility, frequency
of aggression was the only variable included in the
best model on conciliatory tendency. Contrary to
our predictions, however, frequency of aggression
had a positive effect on conciliatory tendency. If fre-
quency of aggression is indeed a measure of compat-
ibility (see, for a similar conclusion, Fraser et al.
2008) this result would indicate that more incompat-
ible partners reconcile the most. Friends and ⁄or kin
are often aggressive towards one another probably in
virtue of the greater frequency of social interactions
they exchange (e.g. Silk et al. 1981), while the
intensity of aggression exchanged does not seem to
depend on relationship quality (see above). One pos-
sibility might be that social interactions are mainly
driven by the fitness-enhancing benefits that animals
may obtain from those interactions (i.e. the relation-
ship value) and that this remains a key factor even if
approaching more valuable partners brings with it a
greater risk of aggression.
Our two measures of relationship value (grooming
and, although with a less important role, frequency
of approach from victim to aggressor resulting in tol-
erated co-feeding) were both included in the models
on the occurrence and timing of reconciliation
and ⁄or on conciliatory tendency. Frequency of
approach is expected to have positive effects on indi-
vidual fitness as tolerance over food may increase
energetic intake. Our result supports an elegant
experiment, on captive long-tailed macaques, where
the increased value of a relationship, measured in
terms of food tolerance, resulted in a higher fre-
quency of reconciliation (Cords & Thurneer 1993).
Therefore, based on our tentative approach, the
inclusion of these variables in the best models would
mean that the value of a relationship is the most
important determinant of conflict resolution while
compatibility and security may play a less important
role. Although it is reasonable to view the value (i.e.
the fitness benefits) of a relationship as the main
driving force for the evolution of social relationships
(Aureli et al. 2002), it needs to be stressed here that
Table 6: Coefficients and significance of the variables included in the
best model on the timing of reconciliation using HLMMs (fixed factors
are presented in a descending order of fit to the model that is,
increasing AIC)
Variable F coefficient  SE t p
Fixed factors
1. Grooming per dyad 6.1 4.60  0.97 2.55 <0.001
2. PC opponents distance 3.28 0.13  0.21 1.18 <0.001
3. Context of conflict 2.13 )1.94  0.67 )0.24 <0.01
4. N of opponents involved 1.17 )0.70  0.11 )0.64 0.29
5. Sex opponents 2.37 – – <0.05
Male–male vs. female–female 0.13  0.15 1.13 0.16
Male–female vs. female–female )0.33  0.08 )1.54 <0.05
Male–female vs. male–male 0.27  0.14 1.75 <0.05
Random factors
Troop identity
Aggressor identity 0.02  0.01 1.21a 0.17
Victim identity 0.00  0.01 0.63a 0.53
aWald z-values.
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this conclusion needs to be supported by further
studies. While recent evidence on captive chimpan-
zees shows that various measures of social interac-
tions can effectively be grouped into the three
dimensions of social relationships (Fraser et al.
2008), additional evidence is needed to test whether
the same is true for other species. Moreover, mea-
suring the fitness consequences of reconciliation (or
of its absence) is problematic. Both grooming and
reconciliation have been found to have a positive
relationship with fitness-enhancing behaviours such
as tolerance over food (e.g. Ventura et al. 2006).
While grooming exchanged has been positively asso-
ciated with a direct measure of fitness in baboons
(i.e. female reproductive success; Silk et al. 2003),
no such data are available, to our knowledge, on
reconciliation. However, there is growing evidence
that reconciliation is positively related to variables
that are expected to have consequences on individ-
ual fitness. For example, reconciliation occurs more
often within dyads that co-operate frequently, as
measured by food-sharing or agonistic support (Wit-
tig & Boesch 2003; Cooper et al. 2005). Moreover,
the absence of reconciliation results in a reduction
in grooming exchanged between the former oppo-
nents (and thus on the benefits associated to it; e.g.
Dunbar 1991) that may last for several days after the
non-reconciled conflict (Koyama 2001). Our findings
on relationship value as the best predictor of conflict
resolution and data available in the literature sup-
port the view that friendly relationships and recon-
ciliation may give fitness benefits to group members
and confirm the predictions of the valuable relation-
ship hypothesis.
Although its effect did not reach significance when
controlling for the other variables, kinship was
included in the two models on the occurrence of
reconciliation and on conciliatory tendency despite
the use of a low coefficient of relatedness value
(r ‡ 0.1) to distinguish between kin and non-kin.
Kinship thus remains an important factor affecting
social behaviour even when including distant rela-
tives in the kin category. This result is not surprising,
however, as Chapais et al. (2001) have shown that
Japanese macaques are able to extend to r = 0.125
relatives their altruistic behaviour (i.e. agonistic sup-
port). Moreover, kinship is considered important for
all the three components of relationship quality (Silk
et al. 2006a; Fraser et al. 2008).
With respect to the variables included in the mod-
els and not related to the social relationship of the
opponents, our predictions were largely met. Hetero-
sexual pairs reconciled the least, as predicted, but we
did not find any difference in reconciliation fre-
quency between male and female dyads (Aureli
et al. 1993; Schino et al. 1998). This finding, how-
ever, supports the view that, in this sub-species of
Japanese macaques, males can establish friendly
relationships similarly to females (Majolo et al.
2005) as a probable consequence of the co-operative
interactions between group males to defend
resources and prevent immigration by foreign males
(Maruhashi et al. 1998; Nakagawa 1998).
Overall, our data indicate that reconciliation is less
likely to occur over unsharable resources, such as
food or mating partners. This supports previous stud-
ies on the Japanese macaque and on other primates,
showing that reconciliation rate is lower for conflicts
occurring in a feeding context, in the mating season
or when females are in oestrus (Aureli 1992; Majolo
& Koyama 2006). One possibility is that conflicts
over unsharable resources leave no room for negoti-
ation and so reconciliation is rarely observed (Aureli
1992). Moreover, animals engaged in more funda-
mental activities (i.e. feeding and mating) may not
have time to resolve a conflict. It remains to be clari-
fied what the balance between the benefits of not
interrupting these activities (feeding and mating)
and the costs of such unresolved conflicts on friendly
relationships are. Yet, we need to determine
whether primates are capable of postponing reconcil-
iation once more fundamental needs have been ful-
filled. For example, two monkeys might wait and
resolve a conflict over food until both of them have
finished feeding. This would clearly require some
capacity to memorize past events and behave accord-
ingly, of which primates, at least to some extent and
within short time windows, seem to be capable.
This study has evidenced that inter-opponent dis-
tance at the end of the conflict is an important mod-
ulator of the occurrence and timing of reconciliation.
A similar result was found in captive stump-tailed
macaques (Macaca arctoides; Call et al. 1999). Our
findings oppose the idea of reconciliation as an arte-
fact of captivity (for a conclusion similar to our
study, see Colmenares 2006). Inter-opponent dis-
tance at the beginning of the PC session was larger
after more severe conflicts or for those occurring in
a feeding context. This was perhaps expected by the
very function of inter-individual spacing as a method
to reduce competition and the risk of aggression. For
example, conflicts over food often function to dis-
place and distance competitors from resources (e.g.
Furuichi 1983). Interestingly, grooming exchanged
within a dyad was also a significant and negative
predictor of inter-opponent distance while this was
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not so for type of conflict. Hence, opponents sharing
a more friendly relationship were less likely to run
away after a conflict. This might suggest some sort of
ability of the monkeys to judge the quality of a
social relationship or a stronger motivation, for
opponents sharing a friendly relationship, to remain
in proximity because of a history of affiliative inter-
actions. In other words, friends remain within closer
distance after a conflict as running further away
would delay or prevent the occurrence of reconcilia-
tion. Whether or not this implies the use of a more
sophisticated level of cognitive ability to judge the
quality of a relationship requires further investiga-
tion.
Finally, while mixed models are becoming
increasingly popular in behavioural ecology, our
use of the AIC for model selection is, to our knowl-
edge, innovative for studies on conflict resolution.
The AIC represents a useful measure to select some
key variables affecting a given biological phenome-
non from a range of potentially modulating factors
(Burnham & Anderson 2002). Given the benefits
that the AIC and mixed models give in terms of
model selection and control for sample inflation,
we believe that the procedure used in this study
will soon become popular in studies on reconcilia-
tion.
Conclusions
This study has shown that grooming is a key mea-
sure of friendly relationships in macaques and an
important modulator of conflict resolution. More-
over, our findings suggest that the value of a rela-
tionship (i.e. its fitness benefits) represents the most
important dimension predicting conflict resolution.
Multivariate statistics are essential to disentangle the
relative importance of the various factors that may
affect reconciliation. It is likely that at least some of
the factors included in our models may be equally
important predictors of conflict resolution in other
species.
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